SU(4) Chiral Quark Model with Configuration Mixing. 
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Chiral quark model with configuration mixing and broken SU(3)xU(l) symmetry has been 
extended to include the contribution from cc fluctuations by considering broken SU(4) instead of 
SU(3). The implications of such a model have been studied for quark flavor and spin distribution 
functions corresponding to E866 and the NMC data. The predicted parameters regarding the 
charm spin distribution functions, for example, Ac, £g , — as well as the charm quark distribution 

Cc+e) 



rr~\ ' functions, for example, c, ,_ c ,, , -. — 2_ anc ; y°+ c ) are m agreement with other similar calculations. 

Specifically, we find Ac = -0.009, # = -0.02, c = 0.03 and < c+i ° = 0.02 for the yQM 

s ! , parameters a = 0.1, a = 0.4, /3 = 0.7, Ce866 = — 1 — 2/3, (nmc = —2 — 2(3 and 7 = 0.3, the latter 

• appears due to the extension of SU(3) to SU(4). 

There has been considerable interest in estimating the possible size of the intrinsic charm content of the nucleon 
P-H ■ • Detailed investigations have been carried out regarding the size and implications of intrinsic charm contribution 

\Q ] for nucleon [6] in a version of chiral quark model (xQM) [7-13] which is quite successful in giving a satisfactory 
explanation of "proton spin crisis" [14] including the violation of Gottfried sum rule [15-17]. Further, the same model 
is also able to account for the existence of significant strange quark content s [18,19] in the nucleon as well as is able to 
provide fairly satisfactory explanation for quark flavor and spin distribution functions [20] , baryon magnetic moments 
[8,9,21], absence of polarizations of the antiquark sea in the nucleon [22], hyperon decay parameters [23-25] etc.. 

Recently, it has been shown that configuration mixing generated by spin-spin forces [26-28], known to be com- 
patible with the xQM [29-31], improves the predictions of xQM regarding the quark distribution functions and the 
spin polarization functions [32]. Further, xQM with configuration mixing (henceforth to be referred as xQM scm ) 
when coupled with the quark sea polarization and orbital angular momentum (Cheng-Li mechanism [21]) as well as 
"confinement effects" [33,34] is able to give an excellent fit [35] to the octet magnetic moments and a perfect fit for 
the violation of Coleman Glashow sum rule [36]. 

The successes of xQM in resolving the "proton spin crisis" and related issues strongly suggest that constituent quarks 
f"*> |' and the weakly interacting Goldstone bosons (GBs) provide the appropriate degrees of freedom in the nonpcrturbative 
regime of QCD. Thus the quantum fluctuations generated by broken chiral symmetry in xQ^gcm should be able to 
provide a viable estimate of the heavier quark flavor, for example, cc, bb and ti. However, it is known that these flavor 
fluctuations are much suppressed in the case of bb and ti as compared to the cc because the intrinsic heavy quark 
contributions scale as where M q is the mass of the heavy quark [1,30]. Therefore, regarding the intrinsic charm 

flavor content of the nucleon one should estimate only the contribution of cc fluctuations and for that one should be 
C3 ' considering the extension of SU(3) symmetry in xQM to SU(4). 

The purpose of the present communication, on the one hand, is to extend xQMgcm with broken SU(3)xU(l) 
symmetry to broken SU(4)xU(l) symmetry. On the other hand, using the NMC [16] and the latest E866 data [17], 
we intend to study the implications of such a model for quark flavor and spin distribution functions, in particular the 
charm quark flavor and spin distribution functions. 

The details of xQM 9cm within the SU(3) framework have already been discussed in Ref. [32], here we discuss the 
essentials of its extension to SU(4) xQM-gcm- To begin with, the basic process in the xQM is the emission of a GB 
which further splits into qq pair, for example, 

q±->GB° + q T ^(qq')+q T , (1) 

wherein qq pairs and q constitute the "quark sea" with q having opposite helicity as that of q. The effective 
Lagrangian describing interaction between quarks and the mesons in the SU(4) case is 

£ = 3i5#g, (2) 

where 515 is the coupling constant, 
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SU(4) symmetry breaking is introduced by considering different quark masses M c > M s > M u ^ as weii as by 
considering the masses of GBs to be non-degenerate (Md > Mk, v > M w ) similar to the SU(3) case [11-13,21], 
whereas the axial U(l) breaking is introduced by M i > Mk, v [10,12,13,21]. The parameter a(= I515I 2 ) denotes the 
transition probability of chiral fluctuation of the splittings u(d) — ► d(u) + n + (~> , whereas a 2 a, (3 2 a, ( 2 a and 7 2 a denote 
the probabilities of transition of u(d) — > s + if s) — > s) +T), u(d, s) — » s) + 77 and — > c + D°(.D~) 

respectively. 

The detailed effects of configuration mixing generated by spin-spin forces [26-28] in the context of xQM has already 
been discussed in xQM gcm [32], however to make the manuscript readable as well as self contained we include here 
some of the essentials of configuration mixing. Following reference [32], the wavefunction for the octet of baryons 
after configuration mixing is given as 



\B) = (|56, + ) w =o cos 6 + |56,0 + )at =2 sin (9) cos0+ (|70, + ) N=2 cos 6 + |70, 2+) N=2 sin (?) sin< 
where 9 and <f> are the mixing angles with 

156,0+^=0,2 - -J=(xV +xVV(0 + ), 

|70,0+) N=2 = i[(0' x " + /xV(o + ) + (<f>'x - /x'» + )L 

|70,2+) N=2 = -L[0'xV(2+) + /xV(2+)]. 



(3) 

(4) 

(5) 
(6) 



The spin wave functions are as follows 
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7^(UT - ITT), x" = 7^(2 TTT - TTT - ITT)- 



The isospin wave functions for proton are 

<p = -^=(udu — duu), <j> = -^={2uud — udu — duu). 
V2 V6 

The above mixing can effectively be reduced to non trivial mixing [28,34,37] and the corresponding "mixed" octet of 
baryons is expressed as 



\B) 



1 + 
2 



cos </>|56, 0+) N=0 + sin 0170, 0+) N=2 . 



(7) 



Henceforth, we would not distinguish between configuration mixing given in Eq. (3) and the "mixed" octet given 
above. 

Following Ref. [11,13], the total probability of no emission of GB from a q quark (q — u, d, s, c) can be calculated 
from the Lagrangian for the SU(4) case and is given by 



(8) 
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where 
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E^U+^ + T + S+^l' (9) 



E^-(l + « 2 + ^ + S+7 2 ), (10) 



E^ = «( 2 « 2 + ^ 2 + §+7 2 )> (ii) 

E^'f^ + T^V (12) 
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Before getting into the details of the calculations one needs to formulate experimentally measurable quantities 
having implications for the charm content of the nucleon as well as dependent on the unpolarizcd quark distribution 
functions and the spin polarization functions in xQM scm with broken SU(4) symmetry. We first calculate the spin 
polarizations and the related quantities which are affected by the "mixed" nucleon. The spin structure of a nucleon 
for the SU(4) case is defined in a similar manner as that of the SU(3) case [10,12,13] and is 

B=(B\N\B), (13) 

where \B) is the nucleon wavefunction defined in Eq. (7) and N is the number operator given by 

N = n u +u + + n u -u~ + n c i+d + + n^-dT + n s +s + + n s -s~ + n c +c + + n c -c~, (14) 

where n q ± are the number of q ± quarks. The spin structure of the "mixed" nucleon, defined through the Eq. (7), is 
given by 

1 + i+\ 

2 l^l 8 '^ ) = cos2 0<56,O+|JV|56, 0+) + sin 2 ^(70,0+1^170,0+). (15) 
Using Eqs. (4) and (5), for proton we get 

(56, 0+|iV|56, 0+) = V + V + V + H d - (16) 

(70, 0+|iV|70, 0+) = + |«- + + id". (17) 

The spin structure after one interaction can be obtained by substituting in the above equations for every quark, for 
example, 

q ± ^P q q ± + Mq ± )\\ (18) 

where P q is the probability of no emission of GB from a q quark defined in Eq. (8) and the probabilities of transforming 
a (?+- quark are |V>(<7+)| 2 which are given for the SU(4) broken xQM as 

WOl 2 = a (l + Y + ^ + m) uT + adT + aa2 ' sT + (19) 

|^(d ± )| 2 = o«=F + a Q + ^ + J + d* + aa 2 sT + aj 2 ^, (20) 



IV^F - «" 2 «+ + Ot^d* + a I p + ^ + 1^ S T + a y c T ; (21) 

, 3 48 lb . 



i ^(C+)| 2 = a 7 2 U T + a ^ d T + al 2 s T + a (J_ ( 2 + c , ( 22) 



Substituting Eqs. (16), (17) and (18) in Eq. (15), we can derive the spin polarizations, defined as Aq = q + — q + 
q + — q~ , for example 
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Au = cos 2 

Ad = cos 2 <j) 

As — —aa 2 , 
Ac = — a~/ 2 . 



sin 



- - -(5 + 2a 2 + V + — C 2 + -I 2 ) 
3 3 V 3 f r 4" 



■3-g(2-a 
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C 2 + %i 2 ) 



(23) 

(24) 

(25) 
(26) 



After having formulated the spin polarizations of various quarks in terms of SU(4) xQM scm , we consider several 
measured quantities which are expressed in terms of the above mentioned spin polarization functions. Some of the 
quantities usually calculated in the xQM are the weak axial-vector form factors and are expressed as 



(Ga/Gv)t 



Au - Ad, 
1 



(G a /G v )a^ p = -(2Au -Ad- As), 



(Ga/Gv)s- 



= Ad- As, 



(G A /Gv) E -^ A = -(Au + Ad- 2As). 
Another quantity which is usually evaluated is the total hclicity fraction carried by the quark q defined as 

Ag/AS, 

where 

AE = A = Au + Ad + As + Ac, 



(27) 
(28) 
(29) 
(30) 

(31) 
(32) 



which is the total quark spin content. It may be added that the expressions for Bjorken [38] and Ellis-Jaffe sum 
rules [39] are not affected in the present case, however, the contributions to these get affected as Au and Ad include 
contributions from charm quark fluctuations also. For the sake of completeness we express these in terms of the above 
mentioned spin polarization functions, for example, the Bjorken sum rule is 



/ 

Jo 



[gl(x,Q 2 )-g^(x,Q 2 )]dx = 



Ga/G\ 



(33) 



where g^ n \x, Q 2 ) is the spin structure function of the proton (neutron) and Ga/Gv is the (3 decay constant for 
neutron. The Ellis-Jaffe sum rule is given by 



A s = Au + Ad- 2As = 3F — D, 



(34) 



where F and D are the axial coupling constants estimated from the weak decays of hyperons and their relation to the 
spin polarization functions remain the same in the case of SU(3) and SU(4) xQM, for example, 



F= -(Aw -As), 



D 



-(Au - 2Ad + As). 



(35) 
(36) 



However, again Au and Ad take on different values compared to SU(3) because there is an additional term corre- 
sponding to the charm quark fluctuations and also the coefficient corresponding to the rj term is different. This can 
be seen by comparing the expressions for Au and Ad in the present case (Eqs (23) and (24)) and the corresponding 
expressions for Au and Ad in the SU(3) case [32]. 

The unpolarized valence quark distribution functions are not affected by configuration mixing, however these get 
affected due to the addition of cc fluctuations and hence are dependent on the SU(4)xU(l) symmetry breaking 
parameters. A calculation of these quantities also assumes importance in the present case as we attempt to effect a 
unified fit to spin and quark distribution functions. The quark distribution functions which have implications for the 
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symmetry breaking parameters of SU(4) are the antiquark flavor contents of the "quark sea" which can be expressed 
as [6,10,13] 



u= ^[(2/3 + C + 2) 2 + 80]a, 
d= ^[(2/3 + C-2) 2 + 128]a, 

5=^[(C-4/3) 2 + 144a 2 ]a, 

51 2 
5= 16 7 a - 



(37) 
(38) 
(39) 
(40) 



The deviation from the Gottfried sum rule [15-17] can be expressed in terms of the symmetry breaking parameters /3 
and C as 



'"-5 



-(2/3 + C- 6) 



(41) 



where Iq = Jq dx F2 ^ J" 2 — is the Gottfried integral. Similarly, d/w [17,40] measured through the ratio of muon 
pair production cross sections a pn and a pp , is expressed in the present case as follows 



d/u 



(2/? + C- 2) 2 



128 



(42) 



(2/3 + C + 2) 2 + 80 ' 

Further, some of the quark flavor fractions usually discussed in the literature [2,4,5,19] are also expressed as follows 



2s 
u + d 

2c 
u + d 

2s 
u + d 

2c 



\E q (Q + q)Y 

(C - 4/3) 2 + 144a 2 
(2/3 + C) 2 + 108 ' 
153 7 2 
(2/3 + C) 2 + 108' 

q[(C - 4/3)2 + 144a 2 ] 
72 + a[(2(3 + C) 2 + 108] ' 
153 7 2 a 



u + d 72 + a[(2(3 + () 2 + 108] ' 
The q and q distributions in the case of proton are normalized as 



d-d = l, 



s = 0, 



0. 



(43) 
(44) 
(45) 
(46) 
(47) 

(48) 



The above mentioned spin polarization functions and the quark distribution functions are to be fitted for the E866 
as well as NMC data. In principle, one can obtain this fit by considering all possible variations of SU(4) and U(l) 
symmetry breaking parameters as well as the mixing angle <fi. However, keeping in mind the general expectation 
that the cc contribution cannot be large compared to the ss contribution as well as to compare our results with 
the corresponding results of xQM 9cm with SU(3)xU(l) symmetry breaking, in our analysis we have considered the 
parameters a, a and (3 to be the same as in SU(3) case. The parameter 7, controlling cc contribution, has been varied 
from 0.1 to 0.3 as considered by other authors [6]. The parameter Q, as discussed in Ref. [10,13], represents the U(l) 
symmetry breaking parameter and is responsible for reproducing the violation of Gottfried sum rule. Similar to the 
case of SU(3), here also we have derived the relation of £ in terms of (3 from the violation of Gottfried sum rule given in 
Eq. (41). Its value undergoes a major change in case of SU(4) as compared to that of SU(3), for example, for E866 we 
have C = -1 - 2/3 as compared to C = -0.3 - (3/2 and for NMC we have C = -2 - 2(3 as compared to C = -0.7 - (3/2. 
The mixing parameter <j> is taken to be 20° as found from neutron charge radius [28,41] and considered in our earlier 
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work [32,35]. The results without configuration mixing can easily be obtained by substituting (j> = in the expressions 
for spin polarization functions. 

In Tables (I) and (II) we have presented the results of our calculations pertaining to spin distribution and quark 
distribution functions respectively. In the tables we have also included the results of xQM gcm with SU(3) symmetry 
breaking, primarily to compare these with the corresponding SU(4) symmetry breaking calculations. Similarly, in 
the case of SU(4) we have also included the results without configuration mixing which allows the comparison of the 
two results for the SU(4) case. The calculations have been performed for E866 as well as for NMC data and the 
corresponding results for each case have been included in the tables. 

From Table (I), one can immediately find out that calculations in SU(4) xQM scm are able to maintain the agreement 
achieved in the case of SU(3) xQM scm for the spin polarizations Au, Ad, As and the related quantities such as AS/2, 
Ag, hyperon decay parameters F and D as well as the weak axial- vector form factors. Expectedly, the two results look 
to be similar with the slight changes occurring in the case of SU(4) in comparison to the SU(3) results primarily due 
to changes induced in Am and Ad involving the symmetry breaking parameters, £ and 7, which take different values 
as compared to SU(3) xQM. One also finds that the quantities involving strange quarks are not affected because in 
the present formalism there is no process which can mix the strange and charm contributions. The main predictions 
of SU(4) xQM pertains to quantities such as, Ac, Ac/AS and Ac/c, which have vanishing amplitudes at the tree level 
in SU(3) xQM. The charm contribution, corresponding to spin polarization functions, however is smaller by one order 
of magnitude as compared to the corresponding parameter involving strange quark which is in accord with another 
recent analysis [6] . Similarly, we find that A 15 (= Au + Ad + As — 3Ac) is also in agreement with analysis of Ref. [6] . 

The role of configuration mixing in the present context can easily be examined from Table (I). We find that the 
configuration mixing effects a uniform improvement in the case of spin polarization functions compared to those 
without configuration mixing. For example, Au, As, hyperon decay parameters F and D, weak axial-vector form 
factors (GA/Gv)n-> P , (Ga/Gv)a^ p show remarkable improvement whereas the results of As, Ac, AS, (Ga/Gv)t,-^u 
and (Ga/Gv)e- -+a are i n good deal of agreement with the data. 

From Table (II), we find that in the SU(4) xQM the important measurable quark distribution functions, for example, 
d — u, d/u, Iq, (g 2 ^) ) (u+d) ' •^• s ' fel h ctc - are m good agreement with the data. It may be noted that although in 
the present case some of the symmetry breaking parameters take different values compared to SU(3) case still we find 
that our results are in good agreement with the data. It may also be noted that the quark distribution functions u, d 
and s assume different values in the present case as compared to the SU(3) case because of the changed parameters, 
however the quantities dependent on these again remain in good agreement with data. The values of the quantities 
involving c quark, for example, c, ^Jj^ , j^f^ and / c , arc in agreement with the predictions given by other authors 

[2-4]. Interestingly, in the case of and (^jy, our predictions are in better agreement with data compared to 

another recent analysis [6] , therefore a refinement in the measurement of these would have important implications for 
the details of the xQM. 

A closer scrutiny of the tables reveals several additional points. There is a difference in the predictions of the fit 
corresponding to E866 and NMC data as is evident in the case of Au, A 3 , (Ga/Gv)„^ p , (Ga/Gv)a^ p , s, ,_ 2 ^ d - , 



^, ,., h , h g. This , _ du e to t , „, A* ,e P _ C « for «*, A. ^ 

of Gottfried sum rule, assumes different values in the two cases. It may be of interest to mention that in SU(4) 
xQM scm , As i s independent of any splitting parameter unlike other similar fractions for different quark flavors As 

To summarize, we have extended the xQMj Cm with broken SU(3)xU(l) symmetry to broken SU(4)xU(l) symmetry 
with and without configuration mixing. The implications of such a model have been studied for quark flavor and 
spin distribution functions corresponding to NMC and the latest E866 data. The charm dependent quantities such 
as charm spin distribution functions Ac, As and the charm quark distribution functions c, , „ , ^+d) ano - 

rfe^-, have been calculated and the results are in agreement with other similar calculations. Specifically, we find 

Ac = —0.009, = —0.02, c = 0.03 and ^ y^^ — 0.02. Interestingly, the SU(4) results remain in agreement with 

that corresponding to the SU(3) calculations despite different values of some of the symmetry breaking parameters. 
It may also be noted that the results with configuration mixing generally show better overlap with data than those 
without configuration mixing. 

In conclusion, we would like to mention that xQM with broken SU(4) symmetry, apart from maintaining the 
successes of xQM with broken SU(3) symmetry, predicts the intrinsic charm spin and flavor distribution content of 



G 



the nucleon which is found to be almost an order of magnitude smaller than the strange quark contributions but not 
entirely insignificant. A measurement of these charm related quantities would not only test the xQM but would also 
provide an insight into the nonperturbative regime of QCD. 
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SU(3) 
















XQ M 9 cm 


vDM 












NMC 


E866 


NMC 


E866 


NMC 


E866 


lAU 


U.oO zlz U.U4 [ZUJ 


0.91 


0.92 


u.yo 


1 01 


n Q9 
u.yz 


Q/1 
U.y4 


A ^7 
LAu 


n a i -i- n o/i ronl 
— U.41 zh U.U4 |ZUJ 


-0.33 


-0.34 


o Q7 
-U.o / 


O QQ 
-U.OO 


O Q1 

-U.ol 


O Q9 

-U.oz 


A e 
/AS 


n 07 -i- n 0/i Tool 

— U.U( zlz U.U4 [ZUJ 


-0.02 


-0.02 


o no 

-U.UZ 


09 
-U.UZ 


09 

-u.uz 


09 

-u.uz 


Ar> 
Lit 


U.O IOJ 
















n oo -i- o oo/i* ro.1 

— U.UZ zt U.UU4 [OJ 








n ooo 
-u.uuy 


OOQ 

-u.uuy 


OOQ 

-u.uuy 


O OOQ 

-u.uuy 




-5 x 10~ 4 * [3] 














A /O A V /O 

Zaq / z = ZaZj/z 


U.ly zh U.UO |zUJ 


0.28 


0.28 


o on 
U.zy 


n qo 
U.oU 


A OA 

U.zy 


n on 
U.oU 


A 3 = Ga/Ov 


1.267 ± 0.0035 [42] 


1.24 


1.26 


1.35 


1.39 


1.23 


1.26 


A 8 


rt cro _i_ r\ not; T/tol 

0.58 ± U.Uzo [42J 


0.62 


0.62 


0.65 


0.67 


0.65 


0.66 


A 

A 15 




0.56 


0.56 


0.62 


0.64 


0.62 


0.63 


At/ / A V 

LAU/ ZAZj 




1.62 


1.64 


i .oy 


l.Do 


1 ^Q 

i.oy 


1 ^7 
1.0 ( 


A j / A V 

Zaci/ZaZj 




-0.59 


-0.61 


a a a 
-U.64 


A CO 

-U.63 


A K O 

-U.oo 


-U.OO 


A « / A V 

As/ZiL 




-0.03 


-0.03 


a aq 
-U.Uo 


A AQ 

-U.Uo 


A AQ 

-U.Uo 


-U.Uo 




08 4- 01 * ftl 
u.uo zn u.u± [oj 

— U.Uoo [0J 








fl 0.9 


09 


09 


09 


lau/u 




0.41 


0.42 


4^ 


AR 


n ao 
u.^±z 


/1^ 
U.40 


LAG,/ a 






n 9R 

o.zu 


98 
-U.Zo 


9Q 

-u.zy 


9/1 


9^ 

-u.zo 


As/s 




-0.14 


-0.20 


-0.16 


-0.19 


-0.16 


-0.19 


Ac/c 










-0.30 


-0.30 


-0.30 


-0.30 


F 


0.462 


0.47 


0.475 


0.51 


0.51 


0.48 


0.485 


D 


0.794 


0.78 


.785 


0.88 


0.87 


0.78 


0.775 


F/D 


0.575 


0.60 


0.605 


0.582 


0.586 


0.615 


0.61 




1.26 ± 0.0035 [42] 


1.24 


1.26 


1.35 


1.39 


1.23 


1.26 


(Ga/Gv) A^p 


0.72 ± 0.02 [42] 


0.72 


0.73 


0.78 


0.81 


0.72 


0.74 




-0.34 ± 0.02 [42] 


-0.31 


-0.32 


-0.35 


-0.36 


-0.29 


-0.30 


(Ga/Gv) h -^ a 


0.25 ± 0.05 [42] 


0.22 


0.21 


0.22 


0.22 


0.22 


0.22 



* These values correspond to the calculated values. 

TABLE I. The calculated values of spin polarization functions Am, Ad, As, Ac, quantities dependent on these: AS, 
Ga/Gv, As and the hyperon decay parameters both for NMC and E866 data. 
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Quantity 



SU(3) xQM 



SU(4) xQM 



Data 


NMC 


E866 


NMC 


E866 




0.183 


0.189 


0.167 


0.169 




0.33 


0.31 


0.30 


0.285 




0.14 


0.10 


0.128 


0.104 










0.03 


0.03 




n 147 

U. 14 t 


117 


U. loo 


n 117 
U.ll i 


.118 ± 0.018 [17] 










1.96 ± 0.246 [40] 


1.89 


1.59 


1.80 


1.69 












.235 ± 0.005 [16] 


0.235 


0.255 


0.244 


0.256 


.259 ± 0.005 [17] 










477 ± 051 19 


0.55 


0.41 


0.55 


0.46 










0.123 


0.126 


099 + 009 M 91 


0.08 


0.06 


0.07 


0.06 










0.02 


0.02 




0.65 


0.66 


0.64 


0.65 




0.45 


0.45 


0.44 


0.44 


.076 ±0.02 [19] 


0.08 


0.06 


0.07 


0.06 


0.03* [5] 










0.02* [2] 








0.02 


0.02 


0.01* [4] 












0.20 


0.21 


0.20 


0.21 




0.94 


0.99 


0.94 


0.97 


.21 ± .05 [10] 


0.21 


0.21 


0.21 


0.22 



s 
c 

d — u 
d/u 
la 



(u+d) 

2c 
(u+d) 

2s 
(u+d) 

2c 



(u+d) 

f _ (d+d) 

1^(1+1) 

(s + s) 



fs — fu— fd 
fa = fu + fd — 2/ s 
h/h 



0.245 ± 0.005 [19] 



0.178 



0.166 



0.172 



0.164 



TABLE II. The calculated values of quark flavor distribution functions and other dependent quantities as calculated in 
the SU(3) and SU(4) xQM with symmetry breaking with the same values of symmetry breaking parameters as used in spin 
distribution functions and hyperon /3 decay parameters. 
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